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rK TwnFXTNfi IS AVAILABLE FOR THIS PATENT. 

2 1 ™-amed ? myofunctional, and hydrolytically stable pollers are 
described having the structure ##STR1## 

wherein Z is a moiety that can be activated for attachment to 

cl active molecules such as proteins and wherein P and Q 
^eprese" linkage fragments that join P^r a- po y.su 
poly. sub. b, respectively, to central carbon atom C, by ^olytically 
stable linkages in the absence of aromatic rings in the linkage 
traaments R typically is hydrogen or methyl, but can be a linkage 
f"^nt that'Scludes another polymer arm ^^^2^ " 
mPEG disubstituted lysine having the structure ##STR2## 

where mPEG.sub.a and mPEG.sub.b have the structure CH.sub.30-- 
Tch sub 2CH sub 20) .sub.nCH.sub.2CH.sub.2-- wherein n may be the same or 
dSfer"ent o poly sub. a- and poly. sub. b- and can be from 1 to about 
1 150 to provide molecular weights of from about 100 to 100,000. 
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TAq INDEXING IS AVAILABLE FOR THIS PATENT . 

AB Sti-armed, monof unctional , and hydrolytically stable P ol >™ 

described having the structure ##STR1## wherein Z is a moiety that can 
be activated for attachment to biologically active molecules such as 
pro" an" wherein P and Q represent linkage fragments that ; ^ 
noivmer arms polv.sub.a and poly. sub. b, respectively, to central carbon 
p °^r r hv hvdrolvtically stable linkages in the absence of aromatic 
AZ's and ester groups in the linkage fragments. R typically is hydrogen 
or methyl but cln be a linkage fragment that includes another polymer 
arm A specific example is an mPEG disubstituted lysine having the 
structure ##STR2#tt where mPEG.sub.a and mPEG.sub.b have the structure 
0 (CH sub. 2 CH.sub.2 0).sub.n CH.sub.2 CH.sub.2 -- wherein n 
y th same or different for mPEG.sub.a and f™-*f* ^uTlOo" to 
from 1 to about 1,150 to provide molecular weights of from about 100 to 
100 000 The raPEG disubstituted lysine can be purified from a reaction 
mixture by chromatography in water, including gel filtration 
chromatography and ion exchange chromatography because the carboxyl 
qroup is ionizable. Impurities are removed, including unreached mPEG and 
mPEG monosubstituted lysine, to provide the polymer m pure form Ion 
exchange chromatography permits fractionation of a greater amount of 
polymer per run. 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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2 °^u"tio„ as „el! as in the aipha position. The .psilon 

nh sub 2 is free for reaction under conditions of basic pH. 
Much 'of the "rt has been directed to developing pelade rivatives 
having active moieties for attachment to the epsilon --NH.sub 2. . . 
The pendant carboxyl groups typically have been used to couple 
nonprotein pharmaceutical agents to the polymer. Protein 
pharmaceutical agents would tend to be cross linked by the 
multifunctional polymer with loss of P rot * in *f ' . p . 

nonreactive end moiety so that the PEG molecule is 
monof unctional. Monof unctional PEGs are usually preferred for protein 
modification to avoid cross linking and loss of mo lecule 
activity. One hydroxyl moiety on the terminus of the PEG diol molecule 
tvDicallv is substituted with a. 

tYP hydrolysis can be avoided. Large linker fragments can be 

avoided so as to avoid an antigenic response in living organisms. 
Cross linking is avoide^ ^ synthesizing the multi _ arme d 

structure Se linker fragments typically are alkyl fragments containing 
amino or thiol residues forming a linkage with the residue of 
™e functional moiety of the polymer. Depending on the degree of 

Ficflu^and 2(b)' illustrate stability toward heat (FIG. 2(a)) and 
dH (FIG. 2(b)) of ribonuclease (.circle-solid.), linear . * • oH 

mPEG modified ribonuclease ( . largecircle. ) . and ribonuclease modified 
with a multi-armed mPEG of the invention (quadrature.) . . • ^ 
incubation period at the indicated temperatures. FIG. 2(b) is based on 
data taken over a 20 hour period at different pH values 

catalase (.quadrature.), and catalase modified with a 
multi-armed mPEG of the invention (.largecircle.) for 20 hours 
incubation at the indicated pH values. 

organism or in a substance taken from a living organism. For 
example, an enzyme can catalyze chemical reactions. The term 
biomaterial" is somewhat imprecise, and is used herein to refer 
to a solid material or particle or surface that is compatible. . . 
to a soll ^^ nosubst ? tuCed lysine , 353 milligrams of lysine, which is 
about 2.5 millimoles, was dissolved in 20 milliliters of water at a 
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« ^-f a Km^ ft o tn 8 3 Five qrams of mPEG-p- 
Stropheny carbonat^of molecular weight 5,000 which is about 1 
mill i mole was added in portions over 3 hours. The pH was 
maintained at 8 3 with 0 2N NaOH . The reaction mixture was stirred 

a roi temperature. Thereafter, the "action mixture was 
Tooled to 0. degree. C and brought to a pH of about 3 with 2N 
H?l Impurities^ were extracted with diethyl ether The mPEG 

m0nOSUbSt mnnllrs in The h ^ure h ofT E ^ Tnf ^—substituted lysine 
was^issoTved Tn 10-mmiliters of anhydrous methylene chloride to reach 

IpS p'nitroph^nycarbonat: TlolelllTr weight 5,000, which is 1.056 

^^L^; waS Idded over . . mPEG disubstituted compound having 
:p EG 1 a 0 rmr;f W d S ifter e ent°iengths, then a different molecular weight mPEG 

^ ld ^^£™£^~ ^hours/bro^ - room 
tempore concentrated, filtered, . . . alkaline aqueous medium by 
Sirring overnight at room temperature. The solution was cooled to 
o decree C and brought to a pH of about 3 with 2N HC1 . 

9 on a QAE Sephadex A50 column (Pharmacia) that measured 5 

rr ;r ML-s^-e - ce^ ^s^^^ of . 

grea ter amount of ^^^Tl^ ethylene 
chloride and 0.4% of P - n itrophenylchlorof ormate which i, , 2 millimoles. 
The pH of the reaction mixture was maintained at 8 by adding 
0 28 milliliters of triethylamine ( "TEA" ) , which is 2 millimoles. The. 

' ' is 5. 4. times. 10. sup. -4 moles, to 40 milliliters of lysine HC1 

solution The lysine HCL solution was in a borate buffer of pH 

° The' concentration was 0.826 "illigramB B UC cinimx^arbonate mPEG 
per milliliter of lysine HCL solution which i^^^^L so?u?ion 
moles. Twenty milliliters of the same buffer was added. The solution 
pH was maintained at 8 . 0 with aqueous NaOH solution for the 
followinq 8 hours. The reaction mixture was stirred at room . . 
SereSSr the solution was diluted with 300 milliliters of deiomzed 
wat-^r- ThP r.w of the solution was adjusted to 3.0 oy tne 
S^ion o/oxalic acid. The solution was then extracted three times. . 

is 500 milliliters of gel equilibrated with 1500 milliliters of 
boric acid in a 0.5% sodium hydroxide buffer at a pH of 7.0. 
The loaded svstem was then washed with water. Impurities ot 

c nimidy^frbonate mPEG and mPEG-monosu bstitut ed lysine both of 
molecular off the column. However, the desired mPEG 

Substituted lysine of molecular weight 20,000 was eluted with 10 mM 
NaCl. The P H of the eluate was adjusted to 3 . 0 with oxalic 
acid and then mPEG disubstituted lysine was extracted with 

dichloromethane, dried. . tr ( - -O- - ) - -Z is 

For the mPEG disubstituted lysines described above, --P--CRI Q > 
the reaction product of a precursor linker moiety having two 
reactive amino groups and Ltive monof unctional precursors of poly. sub. a 
and poly. sub. b that have been joined to. . - 

P a wide variety of linker fragments P and Q are available 
although not necessarily with equivalent results ^pending on th e 
precursor linker moiety and the functional moiety with which the 
Activated -HO or other nonpeptidic --^ct.onal^olymer i. 

contSn^ne^r^ction products'of JortionJI of linker moieties that 
have reactive amino and/or thiol moieties and suitably 
activated nonpeptidic, monof unctional , water soluble polymers, 
activated nonpep^ e , of ically stable linkages with reactive 

amino moieties. Linkages can be selected from the group consist ing of 
amide amine, ether, carbamate, which are also called urethane 
Unkages^ urea, thiourea, thiocarbamate , thiocarbonate , thioether, 
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thioester, dithiocarbonate linkages, and others. However, 

^^'ofar least 'several days, and potentially indefinitely. Most 
proteins could be expected to lose their activity at J «^ic 
pH of 11 or higher, so the derivatives should be stable at a 

m01 " ieS *"h S 'hoae shown above on the mPEG molecule to form 
hydrolyticSy stable Images as disc """^ "* 
Jlino linkaqe could be formed as follows: ##STR22#tf 
"cTeopniUc moieties for forming the linkages can be amino, 
thiil, P and hydroxyl. Hydroxyl moieties form hydro ^ally 
stable linkages with isocyanate electrophilic moieties. 

Sn^oiecres" synthesized to inciude multiple reactive sites 
by hydrolytically J"-^™;; .„ itt , ched to lysine as shown 

^ M ^r^^Y^^^'^«^' 1 moiety a The 
carboxyl ancThfdroxy! moieties are somewhat -""active as compared to 

rsubTcan'Ssfinclude the reaction product of one or more reactive 

n^dfc-^iymer arm. !n 
the latter^vent.^sub^Z^^n^^^^^ ^ ^ but fche 

activated reactive site and also the conjugation of the 

preformed liposome ^ ^ ^ ^ be the react i„„ product of 

nonpeptidrc.ly.er _ ^^^^3-^. 

nnnneDtidic polymers are selective, inese auivc » 
Seties thiol^oieties, and other moieties as described 

fnTghly useful, new activating group that can be used for highly 
elective coupling with thiol L moieties ^-tead o mino described 
moieties on ^"^J" a ^ 0 8urf aCeS herein by reference. Various sulfone 
m oi^ies P can be'used ti activate a multi-armed structure in accordance 

=ve W p rotfirs° 1V T he ^^^^ - about 

10 minUte ^r?iltiaJion f chrraLgraphy on a Pharmacia Superose 12 
column; operated by an FPLC instrument, using 10 mM phosphate buffer of 
pH 7.2, 0.15M in NaCl, as eluent. 
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dehydrogenase, 100 .mu.g of NADH, 0.5 .mu.g of asparaginase and 

10 : m u: m ofes y of Lparagine were incubated in 0 . 122H ma buf f er , 
pH 8.35, while the NADH absorbance decrease at 340 nm was 

Proteolytic digestion was performed in 0.05M phosphate buffer of 

11 7 0 The free enzyme, linear mPEG and protein conjugate, and 
two-armed mPEG protein conjugates were exposed to the Known proteolytic 

rTood Clearance Times. Increased blood circulation half lives are of 

™i2rs^ss ^^cSESc^s: ^ the 

^li^r^Sc.^'two-.rmed mPEG-uricase , with 40% 

^clearance iS^O^SO^.^peSively. Per unmodified 

,. r j rao a thp result was 50 minutes. , 
urlC ase the resu^ ^ . catalase and aeparaginase and their 

linear mPEG and t wo -armed mPEG conjugate- was evjluated^. 5M 

.Scfi^y^TL'sampLf were^cubated a? the specified temperatures 

increased' thermostability was found for the modified forms of 
ribonuclease, as shown in FIG. 2, at pH 7.0, af ter jn 
incubation at different temperatures, but no significant difference 
hpt-ween the two polymers was observed. Data for. . . 
FdH Stability of the Free and Conjugated Enzymes. Unmodified 
and P polSer-modified enzymes were incubated for 20 re in the following 
buffers! sodium acetate 0.05M at a pH of f rom4 J t 6 0 
sodium phosphate 0-05M at pH 7.0 and sodium borate 0.05M at a 

° from 8 0 to 11. The enzyme concentrations were 1 mg/ml, 9 
P mu / 5 .1 g/ml for ribonuclease, catalase, and asparaginase 
respectively. The stability to incubation at various pH was 
evaluated on the basis of enzyme activity. 

As shown in FIG. 2b, a decrease m pH stability at acid and 
aikiinTpH values was found for the linear and two-armed 

mPEG conjugates showed equivalent pH stability. A limited 

i^-rLf nSeffor^liLfr ^t^armefm^modif ied asparaginase as 

compared to the native enzyme^ ^ hormone . releas i ng peptide, 

tumor necrosiff actor 'binding protein, growth factors such as growth 

hormone (GH) , insulin-like growth factor (IGF- I, 

IGF-II) , .beta. -nerve growth factor ( .beta . -NGF) , 

basic fibroblast growth factor (bFGF) , transforming 

arowth factor, erythropoietin, granulocyte 

colony-stimulating factor (G-CSF) , granulocyte macrophage 

colony-stimulating factor (GM-CSF) , platelet-derived growth 

factor (PDGF) and epidermal growth factor plastase 

(vcf) enzvmes such as tissue plasminogen activator (t-PA) , elastase, 

superixSe^fsmuLse (SOD), bilirubin oxydase, catalase, uncase and 

asparaginase, other proteins. 

"^polym^rlrclaim 1 wherein said linkage fragments P and Q comprise 
' moieties selected from the group consisting of amide, amine, 
Ser carbamate, thiourea, urea, thiocarbamate , thiocarbonate , 
thioether, thioester, and dithiocarbamate moieties. 

13 The polymer of claim 3 wherein said nucleophilic moieties are 
selected from the group consisting of ammo, thiol, and 
hydroxyl moieties. 



. method of claim 25 wherein the active moiety W is * ^oleophilic 
moiety selected from the group consisting of amino, thiol, ana 
hydroxyl moieties. 

35 The method of claim 25 wherein the linkages are selected from the 
group consisting of amide, amine, ether, carbamate, thiourea 
urea thiocarbamate , thiocarbonate , thioether, thioester, and 
dithiocarbamate linkages. 

with nucleophilic moieties is an electrophilic moiety that is 
reactive with nucleophilic moieties selected from the group consisting 
of amino, thiol, and hydroxyl moieties. 

40. The method of claim 39 wherein the reaction takes place in water at 
a pH of about 8.0. 



> 



